Fetal arrhythmias are one of the most feared clinical problems encountered during the pregnancy that require prompt recognition and effective management by a multidisciplinary team involving fetal medicine specialist, fetal cardiologist, mid wife, radiologist, sonographer, neonatologist and the patient herself. This review is aimed at providing a concise guide to medical practitioners involved in the care of pregnant women and the fetus on the diagnosis and management of fetal arrhythmias, follow-up principles and delivery recommendations.
Fetal Heart Rate Ranges
Normal fetal heart rate ranges between 110 and 160/min. Fetal bradycardia is defined as the fetal heart rate below 110/min. Sinus tachycardia may occur between the heart rates of 160 and 180/min and its differentiation from an atrial tachycardia may be challenging. In sinus tachycardia fetal heart rate shows significant oscillations. However, when the fetal heart rate is over 180/min with little or no variation, supra ventricular tachycardia is the most likely diagnosis. Maternal, placental and fetal physiological as well as pathological causes leading to increased sinus rates should be investigated. 1, 2 Most common causes of fetal sinus tachycardia include maternal thyrotoxicosis, fetal hyperthyroidism, hypoxia, drugs (amphetamines, beta-mimetics, cocaine), chorioamnionitis, hypovolemia, maternal anxiety, maternal increased levels of adrenaline and noradrenaline, maternal and fetal infection.
How Frequent is it, and What are the Clinical Types?
Fetal arrhythmia is seen in 1 to 2% of unselected pregnancies. [1] [2] [3] Transient fetal bradycardia (1.9%) and isolated premature atrial contractions (1%) are the most commonly encountered fetal arrhythmias which are followed by supraventricular tachycardia (0.02%) and less frequently atrioventricular block (1 in 15,000-20,000) in unselected pregnancies. [1] [2] [3] The incidence of all fetal arrhythmias and the types of supraventricular tachycardias diagnosed at the University Hospital of Wales, fetal cardiology unit are shown in Figures 1A and B .
Timing and Mode of Presentation of Fetal Arrhythmia
Fetal arrhythmia is usually noted incidentally during a routine examination. Although they can be seen at any stage of pregnancy (as early as at 18 weeks), detection of fetal arrhythmia usually clusters at around 28 to 32 weeks of gestation. [1] [2] [3] Clinical presentation of the fetus depends on the fetal heart rate, the type of arrhythmia, electrophysiological mechanism, and the time spent in abnormal heart rhythm.
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Atrial Ectopic Beats (Premature Atrial Contractions)
What is an Atrial Ectopy?
An electrical activity arising from any other parts of the atrial wall instead of the natural pacemaker 'sinoatrial node' is called an ectopic (premature) atrial beat. The ectopic beat comes earlier in time than the next expected sinus beat originating from the sinoatrial node (Fig. 2) .
Frequency of Atrial Ectopy
The frequency of atrial ectopy is approximately 5 to 14% of all fetal cardiac referrals. [4] [5] [6] Atrial ectopy is much more common than ventricular ectopy.
Mechanism of Atrial Ectopy
Mechanism of fetal ectopy is most frequently due to enhanced automaticity, early or delayed after depolarizations, or less often re-entry. If the time between an ectopic beat and the preceding QRS complex is fixed then the most likely mechanism is the re-entry (echo beat).
What are the Expected Responses to an Atrial Ectopic beat?
An ectopic beat can have four fates:
• It gets conducted to the ventricles with an atrio ventricular delay and normal QRS duration (Fig. 2 ) • It gets conducted to the ventricle with bundle branch block • It gets conducted to the ventricle with some delay in the atrioventricular node but generates a ventricular response and also returns back to the atrium either via the atrioventricular node or through an accessory pathway to generate an echo (re-entry) beat • It gets blocked in the atrioventricular node and fails to generate a ventricular response (Figs 3 and 4).
Types of Atrial Ectopy
Simple ectopy means that an isolated premature atrial contraction gets conducted to the ventricles and generates a ventricular response. An ectopic beat, whether it occurs in isolation or comes in bigeminy/trigeminy pattern, has been reported to carry about 1 to 2% risk of initiating supraventricular tachycardia. On the other hand, complex ectopy, which comprises of couplets or triplets or blocked ectopy, has a 5 to 10% risk of leading to supraventricular tachycardia or heart block during fetal life or in the neonatal period. [4] [5] [6] None-the-less the majority of ectopic atrial beats would resolve spontaneously either by the end of pregnancy or in the first few months of life. 4-7
Importance of Atrial Ectopy
Contrary to earlier reports, fetal ectopic beats are now consi dered to be not entirely benign. [4] [5] [6] We would also agree with these reports that fetal ectopy can be associated with serious conditions, such as structural heart disease, cardiomyopathies, cardiac tumors, fetal distress, supraventricular tachycardia, atrioventricular block and the long QT syndrome. If the premature atrial contraction is conducted to the ventricles, it may not result in notable irregularity in the fetal heart rhythm. On the contrary, blocked premature atrial contraction may be followed by a long post ectopic pause. Such a rhythm can be perceived as a significant irregularity or bradycardia which may be mistakenly interpreted as a sign of fetal distress. Similar to complex ectopy, blocked premature atrial contractions are implicated in the initiation of supraventricular arrhythmia more frequently (5-10%) than conducted premature atrial contractions (0.5-2%). [4] [5] [6] However, the author of this review finds both type of ectopy as equally important in the genesis of arrhythmias in the fetus. The presence of a slow or an irregular fetal heart rhythm can be an unsettling finding for a caring physi cian and in such circumstances the obstetricians may even consider an early delivery to avoid any harm occurring to the developing fetus. If there are risk factors, such as a family history of sudden infant death syndrome, recurrent fetal losses, maternal diabetes or structural heart disease a thorough assessment of the fetus with ectopy should be carried out. 
Potential Causes of Atrial Ectopy
Clinical Outcome of Atrial Ectopy
Approximately 2 to 10% fetal ectopy is significant enough to require medical attention or treatment but majority of these would resolve spontaneously. [4] [5] [6] 
Ventricular Ectopic Beats (Premature Ventricular Contractions)
What is the Ventricular Ectopy?
An ectopic (premature) ventricular beat is the product of a spontaneous electrical activity originating from the ventricle below the atrioventricular node instead of being a normal ventricular response to the sinus beat spreading through the specialized conduction system. The ventricular ectopic beat comes earlier in time than the next expected ventricular response to the sinus beat. A ventricular ectopic beat can have two fates: (1) it gets conducted to the atria and generates a re-entry atrial beat; (2) the ventricular ectopy gets blocked in the atrioventricular node and fails to generate an atrial response.
What is the Frequency and Significance of Ventricular Ectopy?
Ventricular ectopy is rare and makes up 2 to 5% of fetal irregular rhythm but it may be suggestive of more 
DSJUOG
impor tant pathologies, such as cardiomyopathy, long QT syndrome, echogenic myocardium, ischemia, ventricular dysfunction, atrioventricular valve regurgitation, cardiac tumors and ventricular diverticulum. 6 The investigation and management principles of ventricular ectopy are similar to that of the atrial ectopy.
Diagnostic Methods
Diagnosis of Atrial and Ventricular Ectopic Beats
Detection of a slow or fast heart rate is rather straightforward with auscultation but determining the type of fetal arrhythmia and its electrophysiological mechanism can be challenging. Fetal electrocardiography is not a readily available diagnostic tool as yet for deter mi ning arrhythmia mechanism. Although fetal magnetocardiogram is a promising tool to obtain fetal electrocardiogram, it is only available in few research centers. Its applicability in clinical setting is limited because it requires off-line data analysis as well as a shielded environment for reliable data acquisition. Thus, ultrasound still remains as the most simple and readily available tool in the diagnosis, assessment, and monitoring of fetal heart rhythm abnormalities. 8, 9 The differential diagnosis of fetal arrhythmia requires syste matic acquisition and interpretation of pulse wave, M-mode and tissue Doppler recordings in recommended scanning planes. These include ( Management and follow-up principles of fetuses presenting with ectopy are summarized in Table 1 .
Neither isolated ectopic beats nor blocked atrial bigeminy require medical treatment, unless they are associated with sustained bradycardia, tachycardia, hemodynamic instability or cardiac failure. 6 Manage ment and Advice to pregnant women • Abstain from excess consumption of caffeine, stimulant beverages or food • Stop smoking • Avoid use of excess beta stimulant • Avoid use of excess antihistaminic • Avoid excess consumption of polyphenol rich food or herbal remedies causing ductal constriction • Monitor fetal movement by kick count, if there is any concern seek immediate help Abbreviations: LQTS: long QT syndrome, HCM: hypertrophic cardiomyopathy, ARVC: arrhythmogenic right ventricular cardiomyopathy, CPMVT: catecholaminergic polymorphic ventricular tachycardia follow-up principles of fetuses presenting with pre mature atrial contractions are summarized as below:
• Weekly fetal medicine review and ultrasound exami nation of the fetus should be carried out. • Fetal heart rate should be checked once a week by a midwife to make sure that it will not be less than 100/min or more than 180/min at all times. • Pregnant women should be advised to count fetal kicks.
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• Intake of adrenergic stimulant drugs (ephedrine, terbu taline) or the use of medications with known arrhythmic side effects (terfenadine, tricyclic antidepressants), excess consumption of caffeine containing food (chocolate) and beverages (tea, coffee, coke, energy drinks) should be reduced or avoided. • Active or passive smoking should be completely eliminated. • Following delivery newborn infants exhibiting persistent irregular pulse should undergo electro cardiographic, Holter and if necessary echocardiographic examination.
Bradycardia and Heart Block 10-15
Further attention should be paid to the fetuses constantly exhi biting heart rates of between 110 and 125/min from 20 to 28 weeks of gestation. 10, 11 This is because of the reported association between persistent fetal bradycardia and the long QT syndrome in pregnancies with multiple fetal losses. In such cases, a fetal rate of less than 5th centile for a given cohort is more reliable threshold for bradycardia prompting an investigation into the long QT syndrome than the rate of 110/min taken as the lower limit of fetal heart rate. 12 Short lasting bradycardia may occur in normal fetuses and can be ignored but sustained bradycardia is not physiological and must instigate maternal and fetal cardiac evaluation.
Persistent bradycardia can be due to: 
How Common is it?
Fetal atrioventricular block is seen in approximately one in 20,000 pregnancies. 13, 14 What are the Risk Factors?
Maternal connective tissue disorders, systemic lupus arteriosus (SLE) or Sjögren syndrome, are the most common cause of fetal atrioventricular block (60-90%); the remaining cases (10-40%) are associated with structural heart disease or less commonly fetal heart block may be a secondary finding to fetal cardiomyopathy. 13, 14 Mothers with SLE or Sjögren syndrome have around 2 to 5% risk of producing a baby with complete heart block in their first pregnancy. 13, 14 In the second pregnancy, this predicted risk increases to 16 to 20%. 13, 14 Higher titers of maternal antiRo antibodies (>50 U/L risk 5%, >100U/L risk 57%) pose a greater risk for development of fetal heart block. 15, 16 How is it Diagnosed?
Fetal atrioventricular block can be diagnosed with pulse wave (Fig. 4) , tissue or m-mode Doppler methods ( Fig. 9 ). It can manifest as the first degree, second degree or complete heart block. Generally, the slower the fetal heart rate the quicker it takes for the cardiac failure and hydrops to develop in the fetus. The fetus tolerates the heart rates of above 55/min remarkably well. On the other hand, in fetuses with atrioventricular block heart rates below 50/min are almost always associated with poor outcomes, i.e. fetal hydrops and death. [13] [14] [15] [16] Fetal and Perinatal Management of Bradycardia and Atrioventricular Block Management and follow-up principles of fetuses presenting with bradycardia and atrioventricular block are summarized in Table 2 • Isoprenaline and adrenaline infusion kits should be kept ready in the delivery room in case of severe bradycardia and hemodynamic compromise in the newborn baby.
In utero therapeutic trials with beta stimulants, digitalis, and steroids have been attempted with mixed results. [13] [14] [15] [16] In first or second degree atrioventricular block, recovery of sinus rhythm may occur in some fetuses with or without medication. A trial of a beta mimetic drug with or without dexamethasone should be considered in fetuses exhibiting slow heart rates of below 55/min, cardiac dysfunction and elevated maternal antiRo or antiLa antibodies ( Table 2) .
Fetal Tachycardia
Clinical Types and Frequency of Tachycardia
Atrioventricular re-entry tachycardia (63-74%) is the most common cause of fast heart rhythm in the fetus followed by atrial flutter (17-29%) and atrial tachycardia (8-9%). Ventricular dysrhythmia is rarely encountered. [1] [2] [3] 
Importance of Fetal Heart Rate
Fetal supraventricular tachycardia may lead to hydrops fetalis when it is incessant, or in the younger fetus with fast heart rates of above 250/min. The fetus generally tolerates heart rates of 160 to 180/min remarkably well. Therefore, if restoration of sinus rhythm cannot be achieved, heart rate reduction to below 180/min should be the secondary aim in fetal tachycardia. [17] [18] [19] [20] [21] [22] [23] 
Risk of Hydrops
In fetal supraventricular tachycardia, the reported rate of hydrops is around 10 to 30%. The risk does not seem to differ between atrial flutter and atrioventricular re entry tachycardia. It is generally perceived that the risk of fetal hydrops may be higher with shorter tachycardia cycle lengths but this could not be verified in our own practice. 19, 24, 25 
Intermittent vs Sustained Tachycardia
Intermittent tachycardia infers that the arrhythmia persists less than 50% of the time during cardiac Advice to pregnant women • Monitor fetal movement by fetal kick count, if there is any concern seek immediate help Neonatal care • Neonatal ECG • Neonatal echocardiogram • HR>55 medical follow-up • HR<55 with hemodynamic compromise pacemaker implantation Abbreviations: LQTS: long QT syndrome, HCM: hypertrophic cardiomyopathy, ARVC: arrhythmogenic right ventricular cardiomyopathy, CPMVT: catecholaminergic polymorphic ventricular tachycardia DSJUOG scan ning. This definition unfortunately ignores the fact that the arrhythmia may become more persistent at other times. Intermittent tachycardia is generally considered to be less significant but this is not in keeping with our own experience. Some of our fetuses with intermittent tachycardia also developed hydrops. 24, 25 There have been similar reports indicating that intermittent tachycardia may lead to clinical instability. 26 We would, therefore, recommend that intermittent arrhythmia should also be closely monitored and effectively managed.
Diagnosis of Fetal Supraventricular Tachycardia
Supraventricular tachycardia can be diagnosed by M-mode ( Fig. 10 ), Doppler interrogation of simultaneous mitral and aortic flow (Fig. 11) or by other Doppler methods as described previously on the Page 4 of this manuscript. Measurement of ventriculoatrial and atrioventricular intervals ( Fig. 8 ) allows differentiation of more refractory long RP tachycardias (atrial tachycardia or permanent junctional re-entry tachycardia) from the short RP tachycardia. Similarly, atrial flutter can be differentiated from atrioventricular re-entry or atrial tachycardia by demonstrating its faster atrial rates of between >300-440/min. The M-mode Doppler investigation is the most simple and helpful method to demonstrate faster atrial rates in atrial flutter (Fig. 10) . 1, 2, 8 
Should all Fetal Tachycardias be treated?
Decision to treat supraventricular tachycardia is based on fetal well-being, fetal heart rate, duration of tachycardia, and the timing of diagnosis. Some experts will adopt a wait and see approach in the following circumstances: (1) no evidence of hydrops with fetal heart rate between 180/min to 200/min, (2) intermittent tachycardia, and (3) gestation beyond 36 weeks. It has been our policy that all tachycardias with a heart rate of over 180/min were treated with the same due care and attention, as clinical deterioration may happen in all these situations. [24] [25] [26] What are the Choice of Drugs and Treatment Algorithms?
There are numerous and complicated antiarrhythmic drug algorithms for the treatment of supraventricular tachycardia and atrial flutter. These regimens unvaryingly recommend initiation of monotherapy with digoxin, propranolol, or sotalol in non-hydropic fetuses. [17] [18] [19] Instead of prescribing the most effective doses of these medications; much lower initial doses are advocated with stepwise dose escalations being scheduled in every 3 to 5 days. Table 3 summarizes the main antiarrhythmic medications used in the treatment of fetal tachycardia.
Furthermore, there is a considerable reluctance to use combination antiarrhythmic treatment from the outset of fetal tachycardia. Even in hydropic fetuses monotherapy with sotalol or amiodarone has been the favored approach by some researchers. [17] [18] [19] 27 Antiarrhythmic combination treatment is commonly advocated for very sick babies with calcitrant arrhythmia and hydrops.
This author believes that such an approach might be one of the main reasons for high mortality rates of 6 to 30% and significant neurological morbidity rates of around 2 to 8% associated with these monotherapy treat ment algorithms. [17] [18] [19] 22, 26, 29 Digoxin Although digoxin has been recommended as the first line agent in non-hydropic fetuses, success rates remain disappointing ranging from 30 to 60%. If there is hydrops, digoxin exhibits even lower success rates of 0 to 10%. Digoxin as a single agent has no electro physiological basis to be used in atrial flutter, albeit some earlier publications may have reported remarkably good success rates. [17] [18] [19] However, when it is combined with flecainide its antiarrhythmic effect becomes potentiated. Furthermore, inotropic properties of digoxin may help negate negative inotropic effects of sotalol, amiodarone and flecainide. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] Flecainide Flecainide, as a single agent or in combination with digoxin, has a high efficacy (60-97%) in the treatment of fetal tachycardia. [20] [21] [22] [23] [24] [25] [26] Despite its proven safety profile and high efficacy rates in the treatment of supraventricular tachycardia in children, there is still some resistance to use flecainide in fetal tachycardia. This reluctance is based on the historical 'CAST' study finding that there may be an increased risk of sudden death in patients with structural heart disease. 30 Although these poor outcomes are not applicable to children such an association still gets quoted in most publications. Other reasons for underutilization of flecainide can be explained with its market unavailability in some countries which might be a reason for the clinicians' unfamiliarity with the usage and side effects of this highly effective antiarrhythmic agent.
Sotalol
Sotalol has been commonly recommended as the first line agent in fetal supraventricular tachycardia despite its low conversion rates of 40%, and worryingly high fetal mortality rates of 19 %. 18, 19, 28, 29 Somehow better tachycardia termination rate of 60% have been reported with atrial flutter. Associated side effects, such as proarrhythmia due to QT prolongation, torsade, atrioventricular block, and fatigue are not negligible.
Amiodarone
Amiodarone has been commonly reserved as the last resort for fetal tachycardia that is refractory to other medications. Although it was shown to be effec tive in such cases it has much slower action over a longer period and a wider toxicity profile. 27, 29 Oral, intravenous and trans-abdominal routes (intraperitoneal or intraumbilical) all have been used in acute and subacute cases successfully. 27, 29 Why to Use the Combination Treatment?
Our preferred approach is the combination treatment with digoxin and flecainide from the diagnosis of tachycardia until delivery (Table 4 ). This particular approach has resulted in survival of all fetuses with high conversion rates (97% in AVRT and 50% in AF) and effective rate control of atrial flutter (100%). 21, [23] [24] [25] Maternal side effects are mild and commonly resolve with reduction of antiarrhythmic dose. 21, [23] [24] [25] Long RP tachycardias (atrial tachycardia or permanent junctional reentry tachycardia) are more resistant to antiarrhythmic treatment and direct fetal treatment may be required in such cases.
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Fetal, Perinatal and Neonatal Management of Supraventricular Tachycardia
Management and follow-up principles of fetuses presenting with supraventricular tachycardia are summarized in Table 3 .
• Prior to initiation of antiarrhythmic treatment mater nal ECG and electrolytes should be requested.
• Maternal antiarrhythmic drug levels should be monitored 3 days after initiation of treatment and thereafter at weekly intervals. • Fetal heart rate should be checked once a week by a mid wife to make sure that it will be above 100/min or below 180/min at all times. • Weekly midwifery and fetal medicine review with ultrasound examination of the fetus is recommended. Advice to pregnant women • Abstain from smoking, excess consumption of caffeine, stimulant beverages or food • Avoid use of excess beta stimulant • Avoid concomitant use of antacids and antihistamines • Monitor fetal movement by kick count, if there is any concern seek immediate help 
Delivery Decisions
Early delivery before 34 weeks of gestation should be avoided, however, in some difficult cases this may be the only option. If the fetus is in sinus rhythm a planned delivery by induction should be contemplated. If the fetus is in tachycardia, the mode of delivery should be determined by the obstetric and neonatal teams depending on the presence of fetal compromise, and the feasibility of fetal heart rate monitoring.
Postnatal Management
After delivery, cord blood sample should be drawn for digoxin and flecainide levels and a 12 lead ECG should be requested on the newborn baby. [21] [22] [23] [24] [25] 29 Up to 25% of fetuses with normal sinus rhythm may develop recurrence of supraventricular tachycardia after birth. Some experts may prefer to start antiarrhythmic treatment prophylactically and continue for 6 months, however, this has not been our policy. Alternatively, the newborn baby can be monitored with regular Holter and 12 lead ECG recordings, and antiarrhythmic medication may be initiated only when the tachycardia recurs. 
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Morbidity and Mortality
Although most fetal tachycardia would respond to medical treatment, mortality from significant fetal tachycardia has been reported to occur between 5 and 30% of treated cases. [18] [19] 22, 28 In addition, 2 to 8% of surviving fetuses with tachycardia may develop neurological deficit in infancy. 28 On the other hand, outcomes with digoxin and flecainide combination treatment have been much better in our practice as well as in others' experience. [21] [22] [23] [24] [25] 
Ventricular Tachycardia
What is Ventricular Tachycardia and Why is it Important?
It is an abnormal rhythm where the ventricular rate becomes faster than the atrial rate with no association between these two separate rhythms. Junctional ectopic tachycardia may mimic ventricular tachycardia and differentiation of these two rhythms may be challenging. Ventricular tachycardia rapidly leads to fetal cardio vascular compromise due to ineffective filling and contraction. [1] [2] [3] 29 
Diagnosis of Ventricular Tachycardia
Like in supraventricular tachycardia same ultrasound and Doppler methods and principles can be applied to diagnose ventricular tachycardia. M-mode, pulse wave or 2-D ultrasound may need to be utilized to demonstrate faster ventricular rate than the atrial rate with atrioventricular dissociation which are the features of ventricular tachycardia.
Perinatal and Neonatal Management of Ventricular Tachycardia
Management and follow-up principles of fetuses presenting with ventricular tachycardia are summarized in Table 5 .
Fetal ventricular tachycardia is exceptionally rare. Its treatment is dependent on the etiology of arrhythmia which includes: (1) long QT syndrome, (2) cardiomyopathy, (3) structural heart disease.
In the long QT syndrome acute treatment may include lidocaine and magnesium infusion (administered directly into the fetal umbilical vein or intraperitoneal space) with oral maternal administration of magnesium, propranolol or mexiletine.
Sotalol or amiodarone should be avoided in the LQT syndrome and they should only be considered in ventricular tachycardia due to other causes. Prognosis of fetal ventricular tachycardia is guarded. 29 
COnClUSIOn
Fetal arrhythmia constitutes an uncommon emergency in obstetric and fetal medicine practices. The consequences of unrecognized fetal arrhythmia can be serious, and even life-threatening if the fetal circulation becomes compromised. Detection of arrhythmia is usually inci dental, and its diagnosis is commonly made with ultra sound and Doppler examinations of the fetal heart. Treatment is effective as long as appropriate antiarrhythmic agents can be initiated in a timely manner. Close monitoring of the fetus and the mother is essential to avoid the harmful effects of arrhythmia and the toxicity of antiarrhythmic agents.
